The Juçara palm is native to the Brazilian Atlantic Forest and has significant commercial and environmental potential. Its multiple end-uses have encouraged studies on its climatic requirements, especially in the state of São Paulo, Brazil, where its presence is currently limited due to illegal exploitation. The objective of this study was to conduct an agroclimatic zoning of the Juçara palm tree in São Paulo. Meteorological data from 110 government stations, the Rural Environmental Registry (CAR) and ArcGIS ® 10.4 geotechnical tools were used to show temperature, precipitation, and water deficit data in map-like visualizations for reclassified an agroclimatic zoning. A significant proportion of São Paulo State is considered suitable and viable for the Juçara palm, mainly in the south-central and eastern parts of the state and including regions adjacent to large population centers. Considering sufficient economic return, irrigation can be used in regions that are at the lowest limit of the plant's water demand. For areas where the upper-temperature limit exceeds the recommended temperature for the plant, its cultivation/management should be explored as part of agroforestry systems. Based on our analysis, the CAR environmental registry is effective in identifying areas for the implementation of agroforestry systems.
Introduction
Brazil is a large country with significant variation in climatic and productive environments, which allows for the cultivation of a wide range of different crops. For some crops, the country has the advantage of producing more than one harvest per year, such as beans, maize and sugarcane crops.
According to MAPA (2016) , the agribusiness sector produced an annual revenue of approximately 86.2 billion dollars. Due to its soil and climatic characteristics, Brazil's territory encompasses extensive and rich biomes that have significant potential for the sustainable use of certain species. Through intercropping with native species that have commercial potential, such systems can help to recover altered ecosystems and reduce the environmental impact of illegal exploitation. In comparison with the revenue generated by agricultural products, forest products provide an annual income of approximately 2.82 billion dollars (MAPA, 2016) .
Thus, there are clear opportunities to increase the use of forest resources, whether through balanced extraction from natural stands or as systematized crops. In this context, two issues have arisen from the new forest law in Brazil: the first is a normative change that allows for the implementation of agroforestry systems in environmental protection areas (restoration of legal reserves and permanent preservation areas-APP) on small properties (Law no. 12.651/2012-Art. 21 ); the second is the Rural Environmental Registry (CAR), a national, digital, public registry that consolidates environmental information about rural properties. It thus provides a database that can be used to monitor, control, and combat deforestation, as well as inform environmental and economic planning (regulated by Normative Instruction MMA nº 2, May 5, 2014).
As such, the database enables the identification of areas that are appropriate for the implementation of agroforestry systems in order to restore ecosystem services in these areas, while also supporting economic development on rural properties. The Juçara palm species (Euterpe edulis Martius), known as palmiteira, ripeira, or içara, has a significant demand and potential for using in agroforestry systems. It plays an important role in forest ecosystems since its fruit attracts insect pollinators and animals that disperse the seeds, thus contributing to the dissemination of other forest species (Epagri, 2016) .
When processed, the Juçara palm fruit produces açaí, a fruit pulp with high nutritional value, and heart of palm, whose illegal exploitation of which is the main cause of the limited number of individuals in natural forests. To help minimize illegal harvesting of the palm, one alternative is its use in agroforestry systems (Epagri, 2016) . According to Epagri, the palm can be used in APPs and legal reserves, or in commercial areas where they tend to generate greater revenue.
Considering the commercial value of the Juçara palm, it is environmentally, socially and economically important to expand its cultivation to sites that are appropriate for its development. One way to assess such expansion is the use of agroclimatic zoning, a technique widely used in scientific research that considers the most important climatic variables for each crop. The process uses geotechnologies, such as Geographic Information Systems (GIS), to obtain and consolidate detailed information about an area, such as land use, conservation units, relief, and other relevant characteristics.
The use of geotechnologies presents great efficiency in the zoning of diverse crops, among them, the forest ones, such as Tectona grandis L. F., Toona ciliata M. Roem., Azadirachta indica A. Juss. and Bactris gasipaes Kunth. (Klippel et al., 2013) .
Commercial cultivation in agroforestry systems would provide additional income for small-or large-scale farms, particularly in the state of São Paulo, which offers a large consumer market for the fruit pulp (açaí) and heart of palm, and a capacity to absorb increases in production. The objective of this study was to conduct an agroclimatic zoning for the Juçara palm in São Paulo State considering available areas for planting as identified through the Rural Environmental Registry (CAR).
Material and Methods

Characteristics of the Area
Located in the southeastern region of Brazil, São Paulo is one of the country's 26 federal states, bordered by the states of Minas Gerais to the north and northeast, Paraná to the south, Rio de Janeiro to the east, Mato Grosso do Sul to the west, and the Atlantic Ocean to the southeast. According to Cepagri (2016) and based on the Köppen (1936) climate classification, there are seven climatic regions in São Paulo. Four regions belong to Group C, which includes temperate, rainy and hot climates: Cwa (humid temperate with dry winters and hot summers), Cwb (humid temperate with dry winters and mild summers), Cfa (humid temperate with hot summers), and Cfb (humid temperate with mild summers); and three to Group A, which includes rainy, tropical climates: Aw (tropical with dry winter season), Am (tropical monsoon climate), and Af (rainy, tropical forest climate).
Biology and Ecology of Euterpe edulis M.
Originally, the range of the Juçara palm extended across most of the Brazilian coast (Atlantic Forest), extending inwards until reaching the limits of other biomes. With the increase in timber extraction and industrial and agricultural development (establishment of crops and livestock), its range has been reduced to the coast and small remnants in the inland areas of the state. Because it presents high population density and increased levels of fruit production, the Juçara palm is considered a key species in its ecosystem. Its seeds are food and dispersed by innumerable animals, from birds to mammals, what highlights its importance as a representative of the genus.
The palm is stoloniferous, reaching heights between 10 and 15 m; it has straight, cylindrical, pinnate leaves with large green sheaths about 2 to 2.5 meters long, and black, flesh-fibrous, drupaceous fruits in infructescence (Henderson, 2000) . Its distribution occurs across regions with high temperatures and constant humidity, coinciding with Tropical and Subtropical climates, and it is concentrated in areas with consistently high temperatures and humidity year-round (Eiserhardt et al., 2011) .
Rural Environmental Registry (CAR) and Spatialization of Areas With Potential for Cultivation
Based on the national register of rural properties (CAR), the information in the databased enables the identification of areas with the potential for conversion or planting in APPs with restricted use, Legal Reserves, forest remnants and other forms of native vegetation, and areas with other previously consolidated use. Recently, CAR data have been used to define areas that can be reforested or have agroforestry systems installed. We used 
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Although These maps are the result of consolidating and processing data related to precipitation and maximum, medium, and minimum temperatures, slope (up to 8%), land use, and areas suitable as identified through CAR.
Discussion
Although the majority of São Paulo State shows suitable slopes for mechanized cultivation of Juçara palm, there are other factors that affect suitability in relation to slope. According to Pezzopane et al. (2000) , in relation to slope is that it affects the level of total solar radiation, thus directly influencing physiological (evapotranspiration and photosynthesis) and edaphoclimatic (heating and cooling of air and soil) parameters. There are examples of sustainable management of the Juçara palm in areas considered restricted based on our results including the Ribeira Valley, within Quilombo communities (Barroso et al., 2010 ) and on farms (Ribeiro & Odorizzi, 2000) , as well as in the Paraíba Valley, where small-scale farmers produce the palm through small rural agroindustry (Cembraneli et al., 2009 ).
Besides slope, two of the main limiting factors for the commercial cultivation of the Juçara palm are precipitation and temperature, these two factors are responsible for the vegetal characteristics of a region and they also affect agricultural production.
Due to proximity to the ocean and the leeward wind associated with mountainous regions (coastal region), causes the water vapor contained in the air to condense and precipitate without reaching the inland of the state. This palm tree requires precipitation between 1000 to 2200 mm year -1 and a maximum thermal variation between 13 °C and 27 °C. Regarding the variation in the average maximum and minimum precipitation for the state, it is important to highlight both the continental and maritime influence.
Under the maritime influence, we can see high average monthly values along the coastal strip of the state and along the southern border with Paraná. The lowest precipitation values occur in the northwest region of the state, reinforcing the continental effect. According to Lorenzi (2014) , the Juçara palm is mesophilic (can tolerate average levels of humidity and occasional drought) or slightly hygrophilous (occurring in humid regions).
Except in areas with limited rainfall, the majority of São Paulo is appropriate for the cultivation of this palm. In areas where rainfall is insufficient for cultivation, irrigation can be used, provided that it is economically viable and there is enough water supply. In an economic viability study, Marques and Coelho (2003) concluded that pupunha palm irrigation in the northwest region of the state provided an increase in real productivity of 257%, above the maximum required productivity of 130.3%.
Precipitation values above 1500 mm that are evenly distributed throughout the year provide suitable conditions for plant development (Carvalho, 1994) . This value corresponds to a minimum monthly precipitation of 125 mm, which demonstrates that cultivation of this crop would be unsuitable in the northwest area of the state.
However, considering precipitation of up to 2200 mm per year, which is suitable for the palm tree according to Bovi et al. (1987) , this value is similar to the maximum precipitation that occurs in São Paulo, thus reducing the potential area for cultivation.
When evaluating the harvesting of Juçara palm fruit in the Serra do Mar State Park, SP, and its surroundings, Danielli et al. (2016) found a considerable number of individuals in areas where average annual rainfall ranges from 2300 mm to 3000 mm, corresponding to a monthly value of 191.6 to 250 mm. These results confirm the palm's capacity to survive and produce in extremely humid areas.
The minimum temperature is higher than the maximum limit of 27 °C recommended by Carvalho (1994) . These observed temperatures may be the result of current climatic conditions which are related to the accumulation of greenhouse gases that retain heat in the atmosphere, one of the factors responsible for this increase. In this context, the use of agroforestry systems may provide a more adequate temperature for cultivation, since the microclimate inside a well conserved forest is lower than that of surrounding areas. For example, Martini and Biondi (2015) found that the temperature of an urban forest in Curitiba, Paraná State, in the summer had a temperature 4.6 °C lower than the temperature recorded at the same time in a pine forest.
However, based on the precipitation and temperature characteristics of the site, which may affect the growth and development of the plant, Batista et al. (2000) point out that areas suitable for agroforestry must have altitudes below 700 m, with altitudes between 700 m and 1000 m being fairly suitable, and altitudes over 1000 m inappropriate or restricted.
Nevertheless, the use of the Juçara palm was not restricted to agroforestry systems. It may also be used in riparian forests to promote the preservation of the area, while offering benefits from exploitation (Reis, 2012) . The region presented a considerable variation in the average maximum and minimum temperatures during the cooler period, jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 10; which according to the literature would restrict cultivation; however, subtropical palm leaves tolerate temperatures between -5 and -14 °C without sustaining permanent damage (Larcher, 2003) .
In the Atlantic Forest in northeastern Argentina, a mortality rate of 75% of young Juçara palm plants occurred when exposed to a temperature of -1.3 °C, followed by five days with temperatures below 0 °C (Gatti et al., 2008) . Studying the distribution of this species in the same region years later, the authors found a reduction in the presence of the plants, possibly due to the intensity and frequency of frosts, which affect photosynthesis and plant growth.
In forests at higher altitudes, the minimum temperatures do not reach levels lower than 4 °C, and studies have shown an abundance of individuals presenting vigorous growth (Gatti et al., 2008) . However, we must emphasize that even in forests where low temperatures do not occur, the presence of this species is not uniform, and the species is absent from open gaps (Gatti et al., 2011) . Restrictions related to direct solar radiation can be observed for young plants since it is common for adult plants to be exposed to solar radiation (Gatti et al., 2014) .
In the southern region of Brazil, where a greater frequency of colder temperatures are observed, there are several regions in which the species is cultivated and harvested (Paludo et al., 2012) . However, although the region presents colder temperatures in the winter, it has fewer extremes in temperature variation.
Generally, these conditions are related to the intensity of farming activities, since these regions have been important for economic production within the state, particularly through the cultivation of coffee and sugarcane as well as cattle raising. Therefore, the identified areas represent locations where there is need to establish, maintain, or expand natural vegetation. There is a wide spatial distribution of areas identified by CAR with the potential for growing Juçara palm, particularly in agroforestry systems and agriculture. As such, the CAR database can be an environmental and social tool to promote sustainable production and economic development, particularly for small-scale producers and family farmers.
Based on CAR, Rodrigues (2015) observed that the use of Juçara palm can be implemented in legal reserves to generate income, especially when intercropped with Bactris gasipaes Kunth. (pupunha); this system can provide gains over time, since pupunha requires a longer period for production, and Juçara palm offers a greater commercial value. Rodrigues (2015) notes that the use of CAR provided a level of flexibility that enables producers to establish legal reserve areas with annual revenue generation. Figure 7 shows that the suitable areas for cultivation and management of the Juçara palm are concentrated along the coast of the state, followed by regions along the borders with Minas Gerais and Paraná. The identification of these areas is a consequence of the microclimatic conditions of these regions that are favorable for the species. The regions considered viable (Figure 8 ) for planting the Juçara palm cover a large area of the state, with potential growth in the north, east, and central-west. These regions include areas with large population centers that may offer potential consumer markets for both açaí and heart of palm when properly managed and certified.
Considering Figures 3, 7, and 8, rainfall was the main factor that determines the viable and suitable areas for Juçara cultivation. In the north and northeast regions of the state, there are risks related to soil moisture for palm cultivation; however, these risks can be minimized with the adoption of irrigation techniques after a viability analysis. The map of viable areas for the Juçara palm (Figure 8 ) somewhat follows the distribution of the remaining Atlantic Forest fragments in São Paulo, as confirmed by the data presented in Ponzoni (2011) . According to the author, there are areas with high rates of deforestation of this biome in the state, especially in the western, northern, and northeastern regions, which were identified as unsuitable for cultivation in the present study. Table 2 showed the municipalities with the greatest number of suitable/viable areas for the cultivation of the Juçara palm in the state of São Paulo. Variations in the conditions necessary for viable production of the palm can be related to atmospheric phenomena that are currently producing more intense oscillations in temperature and precipitation, along with anthropogenic activities that are transforming the environment. In general, the literature suggests that agroforestry systems, independent of the species used, offer a wide range of potential impacts, including socioeconomic ones. Oliveira et al. (2016) showed that an agroforestry system with maize and two legume species, Mimosa caesalpiniifolia, which were tolerant to semiarid conditions, and Gliricidia sepium, a Brazilian caatinga species, provided greater productivity of green maize and consequently higher net income and a reduction in the cost of reforestation.
Furthermore, the agroforestry systems can offer a more adequate and sustainable use of the soil. Rocha et al. (2014) observed that agroforestry systems established with native species present a significant capacity to capture and store carbon in the vegetal biomass and the soil that is similar to native forests. Such systems also have the capacity to recover and improve land use in APPs and legal reserves, thus creating a balance between the local ecosystem and consolidated areas production (Laudares et al., 2017) .
Conclusion
The regions considered suitable and viable for the Juçara palm cover a large area throughout the state of São Paulo, which are located in proximity to large population centers and concentrated in the south and east regions of the state. If revenues from production are sufficient, irrigation in regions that are at the lowest limit of the water demand for the plant can be implemented. In locations where the upper temperature limit exceeds the recommended limit, their cultivation and management should be explored as part of agroforestry systems. The Rural Environmental Registry (CAR) is an important tool to evaluate the environments in rural properties and the database can support the implementation and maintenance of agroforestry systems.
